Background: Despite results of the PROTECT AF trial, many patients undergoing left atrial appendage closure (LAAC) have unconditional contraindications to warfarin.
INTRODUCTION
Atrial fibrillation (AF) is the most common cardiac arrhythmia affecting 1% of the population, and its prevalence is expected to increase in parallel with the increasing age of the population [1] [2] [3] . AF is associated with a fourfold to fivefold increase in the risk of stroke, and an estimated 15% of all strokes are caused by AF [3, 4] . Because risk of stroke increases with age, stroke prevention in the elderly community with AF is a key aspect of management for this group [5, 6] .
Oral anticoagulation (OAC) using vitamin K antagonists (VKA) such as warfarin is the established therapy for stroke prevention, and it dramatically reduces the risk of thromboembolism in patients with AF [7, 8] . Compared with placebo, anticoagulation with VKAs diminishes AF-related stroke risk by two-thirds, whereas aspirin decreases stroke risk only by 22% [9] . The ACTIVE W trial revealed that VKAs also reduce the risk of stroke by one-third in comparison to the combination of aspirin and clopidogrel [2] . However, the use of these drugs can be challenging because of increased risk of bleeding, the need for frequent monitoring to maintain a therapeutic international normalised ratio (INR), diet-dependent activity, and its wide interpatient variability in metabolism [8, 10] . There has been a great hope that novel agents, which act by inhibiting factor Xa or thrombin, would overcome the disadvantages associated with VKA use, for example, may provide more stable anticoagulation and eliminate the inconvenience of warfarin monitoring [8, 11, 12] . Randomised trials have demonstrated that non-vitamin K antagonist oral anticoagulants (NOACs) achieve comparable or even better stroke prevention than warfarin with lower intracranial bleeding risk [13] [14] [15] . However, in case of high-dose dabigatran and rivaroxaban, these drugs still encounter issues of gastrointestinal (GI) bleeding and non-compliance [13, 14] . Compared to warfarin, only apixaban achieved superiority in reduction of both major and intracranial bleeding, and there was a non-significant difference in the rate of GI bleeding [15] .
Nonpharmacological approaches are under investigation to exclude the left atrial appendage (LAA) from the systemic circulation, based on evidence suggesting that this is the main site of thrombus formation and subsequent cardioembolic stroke in AF patients [16] . PROTECT AF was the first randomised, clinical trial that demonstrated that left atrial appendage closure (LAAC) with Watchman device was non-inferior to warfarin in the prevention of ischaemic stroke [17] . In addition, LAAC was superior to warfarin in the reduction of all-cause mortality (3.2% vs. 4.9%), cardiovascular mortality (1.0% vs. 2.4%), and haemorrhagic stroke (0.2% vs. 1.1%) [18] . The second randomised trial, PREVAIL, confirmed that Watchman LAAC was non-inferior to chronic warfarin therapy for the prevention of stroke and systemic embolism beginning one week after randomisation, and it also revealed that procedural complications were infrequent and significantly improved compared with the PROTECT AF trial [19] . Thus, LAAC is worth considering in the group of patients with high risk of bleeding and contraindications to anticoagulation therapy. The aim of the study was to evaluate whether dual antiplatelet therapy (DAPT) during the first three months after Watchman device implantation is as safe and efficient as warfarin therapy.
METHODS

Patient selection
In our observational study, all included patients who were recruited to the LAAC procedure were at high risk of thromboembolic complication, i.e. with at least two points in CHA 2 DS 2 -VASc scale, and had one of the following: -HAS-BLED score ≥ 3; -history of bleeding complication while using OAC; -inability to maintain INR values within therapeutic range; -history of stroke while using OAC; -contraindication for OAC.
Exclusion criteria included the following: -presence of thrombus in LAA; -too small or too big LAA on transoesophageal echocardiography (TEE); -contraindication to general anaesthesia; -lack of patient consent. Procedure Between 31.03.2015 and 6.06.2017, 44 consecutive patients who fulfilled the inclusion criteria were treated with the Watchman device at our department. The loading dose of 300 mg of aspirin and 600 mg of clopidogrel was administrated prior to the procedure. In patients treated with aspirin and clopidogrel before the procedure, the therapy was continued with 75 mg of each drug daily. All the procedures were performed under general anaesthesia with TEE and fluoroscopic guidance. After transseptal puncture, unfractionated heparin was administrated intravenously at a dose of 1000 U/10 kg to continue the procedure with prolonged activated clotting time to at least 250 s. Following the sheath introduction to the LAA, angiographic projections were made to assess the shape of the LAA. Based on the acquired angiographic planes and TEE visualisation, the LAA anatomy and landing zone were assessed to choose the most suitable size of the device. After preparation of the Watchman introduction system, the occluder was deployed under TEE and angiographic guidance. The tug test was performed to confirm device stability before its final release. Colour-Doppler in TEE was used to eliminate leaks. All patients underwent transthoracic echocardiography within 24 h to exclude peri-procedural complications, such as pericardial effusion, as well as to confirm a position o the Watchman device.
Treatment and follow-up
After the procedure, all patients were treated with DAPT using 75 mg of aspirin and 75 mg of clopidogrel per day, and maintained until the control examination. At three-month follow-up, the implanted device was assessed using TEE. When proper position and absence of thrombi were observed, clopidogrel was abandoned, unless the patient required its administration. In the case of the presence of thrombus, the patient was treated with low-molecular-weight heparin (LMWH) for six weeks and the device was re-assessed in repeat TEE.
RESULTS
The baseline characteristics are presented in Table 1 .
The mean age was 74 ± 7.8 years, and 52.3% of the treated patients were male. Mean CHA 2 DS 2 -VASc score and HAS-BLED score were 4.9 ± 1.5 and 3.6 ± 0.8, respectively. The main indication to perform the LAAC procedure was contraindication to OAC with HAS-BLED score ≥ 3 in 95.5% of cases (among them history of bleeding in 38 [90.5%] patients).
In 97.7% of the cases the device was deployed successfully (Fig. 1) .
In one (2.3%) case the deployment had to be abandoned because of unfavourable anatomy of LAA. Table 2 summarises procedural details for the subjects with successful device deployment.
During four (9.3%) procedures the device had to be partially recaptured due to its unstable or improper position, and only in one (2.3%) case the device had to be replaced with a new one of different size. The mean device compression was 17.8 ± 7.1%. Directly after the procedure the peri-device flow > 2 mm was observed only in two patients, but it never exceeded 5 mm.
Procedure-related complications are presented in Table 3 .
There was only one peri-procedural tamponade, which had to be managed by interventional pericardiocentesis. One week after the device implantation, one death occurred at the cardiac intensive care unit due to septic shock.
The mean time of TEE follow-up was 98 days. At this time, TEE was performed in 36 (83.7%) cases. Four (9.3%) patients refused to have echocardiographic examination, thus the medical condition was assessed over the phone. Two (4.6%) unrelated deaths occurred. During the follow-up period, neither stroke nor major bleeding were observed. In the control TEE, no device embolisation was detected. In two (4.6%) patients, follow-up TEE revealed a small thrombus attached to the Watchman device during the two-month follow-up period. These patients were treated with LMWH for six weeks, and subsequent TEE was arranged. In both cases, the thrombus resolved completely and no clinically evident thromboembolic events were observed.
DISCUSSION
This study showed that DAPT with aspirin and clopidogrel may be a safe and efficient alternative therapy after LAAC performed with the Watchman device in consecutive patients encountered in daily clinical practice. Compared to previous clinical trials, in our study a greater proportion of patients were unsuitable for OAC, due to numerous comorbidities and due to high bleeding risk. The mean CHA 2 DS 2 -VASc score of our population was 4.9, which indicates a higher risk of thromboembolic complications than in the PROTECT AF (mean CHA 2 DS 2 -VASc of 3.4), PREVAIL (CHA 2 DS 2 -VASc of 4.0) or EWOLUTION registry with CHA 2 DS 2 -VASc score of 4.5. Furthermore, in comparison to other studies, most of our subjects were at high risk of bleeding complications during OAC. 95.5% of our patients had HAS-BLED score of ≥ 3, whereas in PROTECT AF it was 20%, in PREVAIL 30%, and in the EWOLUTION registry it was 40% of recruited patients. Figure 1 . Implant success at the Medical University of Warsaw (MUW) when compared to previous Watchman device studies
The peri-procedural safety profile of our study, which involves tamponade, stroke, major bleeding, and device embolisation, were observed at similar or lower levels than in previous studies. Procedure-or device-related strokes were not observed in our population, while in the PROTECT AF, PREVAIL, and the EWOLUTION registry this complication appeared in 0.9%, 0.3%, and 0.1% of cases, respectively. We also did not observe major bleeding or device embolisation during hospitalisation. In general, procedure-or device-related serious adverse events through seven days occurred at a rate of 8.7% in the PROTECT AF, 4.2% in PREVAIL, 2.8% in EWOLUTION registry [20] , and in our study, it was 4.6% with one tamponade and one death due to septic shock.
In addition, three-month results of the multicentre, real-world EWOLUTION registry revealed that the Watchman LAA closure device provides high success and safety rates. It was the first European data collection from small, local registries from 47 countries. As in our study, the EWOLUTION registry comprised a high-risk population. Three-months follow-up data were obtained in 979 patients, and it is worth highlighting that there was no significant impact on serious adverse events, regardless of whether patients were on warfarin, single antiplatelet therapy, DAPT, NOACs, or nothing at all [21] . 607 patients were treated with DAPT after the LAAC procedure. Among these patients, bleeding severe adverse events (SAE) rate was similar to that in subjects on warfarin regimen: 3.6% and 4.8%, respectively. During a mean follow-up period of 98 days no bleeding SAE was observed in our study group. Among all treatment regimens in the EWOLUTION registry, the highest rate of thrombus on the device was observed in patients treated with DAPT, at 3.5%. Whereas in our study thrombus on the device reached 4.6%. Both cases were successfully treated within six weeks of LMWH administration and neither of them experienced a thromboembolic event. Based on the EWOLUTION registry, it was postulated that DAPT regimen in highest risk patients is a safe and efficient option for patients with contraindication to OAC. Nevertheless, very promising results of completed trials and registries, European [21] as well as American [22] guidelines for AF management and stroke prevention classify LAAC as a IIb recommendation. However, following favourable trends, it is expected to be upgraded in the nearest future.
Limitations of the study A larger population and additional randomisation with control or a differently treated group would provide more powerful data to confirm Watchman device safety in favourable stroke incidence reduction. Moreover, given the relatively short follow-up period of three months in our study, we cannot convincingly show that the LAAC with the Watchman device is effective protection for future thromboembolic events.
CONCLUSIONS
Left atrial appendage closure seems to be a feasible and safe procedure in the high-risk population. Compared to large multicentre, randomised trials, as well as real life registries, our results demonstrate comparable procedure-related complications, and that DAPT is an effective therapy with a similar rate of device-related thrombus formation compared to warfarin therapy (PROTECT AF). In addition, withdrawal of anticoagulation therapy after LAAC does not increase the rate of stroke, whereas the bleeding rate decreases, as compared to large clinical trials. 
Conflict of interest:
